[Abstract] Class I histone deacetylases (HDACs) are efficient histone decrotonylases, broadening the enzymatic spectrum of these important (epi-)genome regulators and drug targets. Here, we describe an in vitro approach to assaying class I HDACs with different acyl-histone substrates, including crotonylated histones and expand this to examine the effect of inhibitors and estimate kinetic constants.
Procedure
We found that decrotonylation by HDACs did not occur on synthetic, modified histone tail peptides, necessitating the use of the full-length recombinant histone. In our assay, we first crotonylate histones in vitro using recombinant histone H3.1 and the catalytic domain of p300 ('p300'). We then follow decrotonylation by class I HDACs using specific antibodies, here against histone H3 crotonylated at lysine 18 (H3K18cr). H3K18cr is the dominant histone crotonylation mediated by p300 (Sabari et al., 2015) and appears to be the most abundant histone crotonylation in histones isolated from intestinal cells (Fellows et al., 2018) . Importantly, highly specific antibodies have been generated that recognize H3K18cr (Sabari et al., 2015 Vorinostat (suberoylanilide hydroxamic acid, SAHA).
Part I: In vitro decrotonylation assay
A. In vitro crotonylation of recombinant histone H3.1 using the catalytic domain of p300
1. Defrost all reagents on ice.
2. Dilute the 5 mM crotonyl-CoA stock solution 1:50 in histone acylation buffer.
3. Prepare the reaction mix in a 0.2 ml PCR tube as described in Table 1 . d. On ice, add diluted reaction mix, HDAC assay buffer and HDAC1 as described below and shown in Table 2 .
Note: This sets up a two-fold serial dilution of HDAC1 in tubes 1-4 whilst keeping the other reagents constant. Tube 5 is the negative control without any HDAC1. As soon as HDAC1 has been added to tube 1, perform all steps as quickly as possible as the reaction will start from this point. Whilst it is impossible to capture the first few seconds of the reaction, as it takes a few seconds to set it up, it is important to be quick so that the initial phase of the reaction is recorded.
Copyright © 2018 The Authors; exclusive licensee Bio-protocol LLC. ii. To tubes 2-5, add 14 μl of diluted reaction mix.
iii. Add 1 μl HDAC assay buffer to tubes 2-5 to allow for the HDAC1 volume.
iv. Add 2 μl of HDAC1 to tube 1 and mix well (0.1 mg/ml, 1.78 µM stock. 0.12 µM final concentration).
v. Remove 15 μl from tube 1, add to tube 2 and mix well.
vi. Remove 15 μl from tube 2, add to tube 3 and mix well.
vii. Repeat with tubes 3 and 4 but not tube 5. ii. If the sample is to be dot-blotted, just incubate at 95 °C for 1 min to stop the reaction.
i. At this point the tubes can be frozen at -20 °C for at least a few days or continued with further analysis as explained in Part II.
Exploring the effect of an HDAC inhibitor on histone decrotonylation
Here, butyrate is introduced in serial dilution which allows testing of the ability of the compound to inhibit the decrotonylation. This can be used to estimate the concentration of inhibitor required to halve the amount of created product (IC50).
a. Dilute the reaction mix from Part I A 1:3 in HDAC assay buffer i.e., 46 μl of reaction mix and 92 μl of HDAC assay buffer.
b. Label an 8-strip of PCR tubes as 1-8.
c. On ice, add diluted reaction mix, HDAC assay buffer, butyrate and HDAC1 as described below and shown in Table 3 . ii. To tubes 2-8, add 14 μl of diluted reaction mix.
iii. Add 1 μl HDAC assay buffer to tubes 2-7 to allow for the volume of butyrate added to tube 1.
iv. Add 2 μl HDAC assay buffer to tube 8 to allow for the volume of butyrate and HDAC1.
v. Add 2 μl of 160 mM butyrate to tube 1 to give a final concentration of 10 mM once all reagents have been added.
vi. Add 2 μl of HDAC1 to tube 1 and mix well (0.1 mg/ml, 1.78 µM stock. 0.11 µM final concentration).
vii. Add 1 μl of HDAC1 to tubes 2-7.
viii. Remove 16 μl from tube 1, add to tube 2 and mix well.
ix. Remove 16 μl from tube 2, add to tube 3 and mix well.
x. Repeat with tubes 3, 4, 5 and 6 but not tubes 7 or 8. This requires the change in substrate or product concentration to be plotted over time so that the initial rate can be determined (see Figure 1 for illustration). The concentration of the enzyme must be optimized so that the initial rate is within a measurable timeframe. Initial rates are then plotted against the substrate concentration at the start of the reaction, to determine the maximum rate (Vmax) and substrate concentration at half Vmax (Km) as shown in Figure 1 . As the reactions performed here are analyzed by antibody-based approaches, they cannot be measured in real time. Therefore, it is necessary to set up a reaction for each time point. Here, i. To prepare enough crotonylated H3 for 90 assays, use more of each component to give a total volume of 230 µl as described in Table 4 . 6. Rinse gel in 1x TGS buffer briefly and cut off the wells from the top of the gel.
7. Soak blotting paper in transfer buffer and place onto the semi-dry transfer machine.
8. Soak a piece of nitrocellulose membrane that is the same size as the blotting paper in transfer buffer and layer on top of the blotting paper taking care not to introduce bubbles in between the layers.
9. Layer the gel on top of the stack, positioning the marker so that it is parallel to the vertical side of the membrane and so that the blue line, showing how far the samples have reached, is above the membrane.
Note: Again take care not to introduce bubbles in between the layers.
10. Trim the gel so that it is the same size as the membrane.
Note: When many gels are run, it is useful to cut a corner or corners of the membrane to distinguish them. Pen is not advised as it will run.
11. Place another piece of blotting paper soaked in transfer buffer on top.
12. Roll a round tube, such as a 10 ml pipette, firmly from one side to the other on top of the stack to remove any remaining bubbles.
13. Transfer proteins onto the membrane for 45 min at 15 V, 270 mA.
Note: One hour is recommended when two or three stacks are in the transfer machine.
14. Place the membrane in a 50 ml Falcon tube and rinse membrane in TBS-T for a few seconds.
15. Block by adding 15 ml TBS-T BSA and incubate with gentle agitation at room temperature for 1 h.
16. In a 5 ml Eppendorf tube, prepare a 5 ml solution of anti-H3K18 crotonyl antibody at 1:2,000 to 1:5,000 dilution (depending on lot number of antibody) in TBS-T BSA.
17. Pour the used TBS-T BSA solution into another tube, which should be stored at 4 °C for later use and add the solution of primary antibody to the membrane containing tube.
18. Incubate overnight at 4 °C with gentle agitation (rocking or rolling).
19. Wash three times briefly (5-10 sec) with 10 ml TBS-T.
20. Wash twice for 15 min with 15 ml TBS-T and gentle agitation.
Wash once for 15 min with 15 ml TBS-T BSA.
Note: The TBS-T BSA from the previous day can be re-used.
22. In a 5 ml Eppendorf tube, prepare a 5 ml solution of anti-rabbit antibody coupled with horseradish peroxidase (HRP) at 1:10,000 dilution in TBS-T BSA.
23. Discard the TBS-T BSA and incubate in anti-rabbit antibody for 1 h at room temperature.
24. Wash three times briefly (5-10 sec) with 10 ml TBS-T and then wash three times for 15 min with 15 ml TBS-T.
25. Remove the membrane from the falcon tube and place on a clean, flat surface e.g., on a large weigh boat.
26. Pipette 1 ml of ECL chemiluminescent substrate (1:1 ratio of A and B), making sure that all of the membrane is covered and leave for 1 min.
27. Dab off excess ECL by touching the edge of the membrane against a paper towel and place on in ImageJ, a horizontal line of bands can be selected using the rectangle tool (blue box). Once this selection is plotted, the individual peaks corresponding to different spots can be selected using the line tool (purple box). The wand tool (green box) is then used to show the values of selected peaks in the results tab. In the image above, the first two peaks have been selected, the third has been highlighted with the wand tool, and the sixth peak is being selected with the line tool (these are combined screenshots to show many operations at once).
7. In the same section, choose 'plot lanes' (shortcut: Ctrl+3).
8. Double-click the line tool and type a suitable value in the window to set it to the appropriate width, then select peaks corresponding to a spot or band. 4. Convert dilutions of substrate to µM of crotonyl-H3. This assumes that the 5.65 µM of H3.1 was fully crotonylated at lysine 18 in the first reaction, which has been tested in Figure 5 .
Notes:
a. Multiply each relative value by the concentration of modified histone in the reaction mix, as shown in Table 6 , to convert spot intensity to substrate concentration. Plotting the substrate concentration for each time point and replicate allows us to see how the reaction has progressed. In the first graph (upper panel), the reaction is fastest during the first minute, so only these time points are plotted in the second graph (lower panel) which now shows a linear relationship and allows the initial rate (the gradient of the line) to be determined. Three replicates: A, B and C.
